In this research,a new model for calculating the specific heat of DNA by using phononic theory is proposed.It is found that this model is consistent with previous results.
I. Introduction
One of the most exciting subjects in science is the possibility of explaining vibrations and heat flow in DNA by using phononic theory.DNA is a molecule that all genetic information in living systems is contained in it. This molecule is packaged into chromosome which is localized in the nucleus of the eukaryotic cells. The famous double-helix structure of DNA is made of two strands that carry organic bases that are bound in pairs by hydrogen bonds, keeping the two strands together. There are 4 types of bases, called A, T, G, C, but only AT and GC pairs are part of the structure of DNA. The AT pairs are bound by two hydrogen bonds, while the stronger GC pairs are bound by three hydrogen bonds [Pui-Man Lam et al, (2011) ]. In this model, the base pairs vibrate through a series of expansions and contractions [Michel et al, (2008) and Marco Zoli (2013) ].
Interest in DNA vibrations is timely because of the discovery that phonons play a significant role in the quantum biophysics. It is substantially more difficult to control the flow of heat in a DNA than it is to control the flow of electrons [Viljas et al, (2010 ), Nianbei et al, (2006 ]. The source of this imbalance is that, unlike electrons, the carriers of heat -the phonons -are quasi-particles in the form of energy bundles that possess neither a bare mass nor a bare charge [Andre et al, (2007) ]. Therefore, heat flow features aspects which in many ways are distinct from charge and matter flow. In this regard, it would be useful to have greater experimental access to information about phonons. Experimentally phonon-DNA interactions can be examined by calculating specific heat and comparing with experimental data. It is demonstrated that the heat capacity of realistic phonon cavities in DNA have an approximate exponential dependence on T, a result that consists estimates obtained by experimental data and other models.
The outline of the paper is as the following. In section II we obtain the specific heat of DNA by using phononic theory. Then, we discuss the numerical details in section III. The last section is devoted to summary and conclusion.
II. Theoretical calculation
First, the squeezed coherent states of vibrating base pairs are explored. A vibrating bas pair is a standard scenario of biology which, by having the base-pair expanding and contracting alternately, is expected to solve the heat flow problem. In a first step, a harmonic potential is used, since experiments show that a base pair can vibrate independently of its neighbors. This potential can be described as [Michel et al, (2008) and Marco Zoli (2013) ]. Vol. 3 (5), pp. 187-191, July 2013. www.gjournals.org
This expression can be viewed as a harmonic interaction with a variable coupling constant. In this scenario, the coordinate of base pair, should be satisfied in following equations [Nianbei et al, (2006) 
The fundamental definitions are recalled: 
Where F is some function to be determined later.
Then using equations (5) and (6) 
=
Where r base-pair is the pair length. Also, the probability for radiating phonon from initial phonon in ‫ܦ‬ = 4−2߳ can be derived as follows:
4 1 [ Where ‫ݖ‬ is the fraction of initial phonon energy carried by final phonon.
In this equation, the effect of phonon production on specific heat increases as the temperature increases. We also observe that as the number of base pairs increases, the effect of phonon production on specific heat becomes systematically more effective, because at larger number of pairs, there exists more channels for phonon production due to pair oscillation and it's decay s into another phonons in our calculation.
III. Numerical Details
In Figs.1.the theoretical calculations for specific heat of DNA are shown. In this plot, we choose n = 10 6 , k=.00865, E=22.4kJ and r base-pair =10
-10 for number of pairs, pair couplings, the energy of base pair and the pair length [10-12] respectively. As can be seen from this figure, the specific heat is rising at lower temperature, exhibit a turn-over at moderate value of temperature and then decrease rapidly when the temperature increases. This model is consistent with previous results [Michel et al, (2008) and Marco Zoli (2013) ]. It's concluded that the process of vibration of base pair produces two phonons. These phonons maybe decay to more phonons.We are treating the phonons as free particles that move inside the DNA, because their energy is very high and as also mentioned in our previous section, phonons are produced due to expanding and contracting base pairs and don't access to each other. Also, it is clear that the specific heat produced via phonon production in pair vibration is much larger for higher temperatures. This is because as the temperature of the DNA becomes higher, the thermal radiation of phonons is enhanced.
IV. Summary and conclusion
In this paper, we propose a new model for calculating the specific heat of DNA by using phononic theory. To this end, we derive the thermal distribution for phonons that are produced due to vibration of base-pairs. We show that different numbers of phonons are produced with different probabilities due to pair oscillation. These probabilities are related to the energy of phonons and temperature. Then, using the thermal distribution of phonons, we calculate the specific heat of DNA. This heat is rising at lower temperature, exhibit a turn-over at moderate value of temperature and then decrease rapidly when the temperature increases. Comparing this result with previous calculations, we find that our model is consistent with experimental data.
